KBG syndrome is a neurodevelopmental disorder, caused by dominant mutations in ANKRD11, that is characterized by developmental delay/intellectual disability, mild craniofacial dysmorphisms, and short stature. Behavior and cognition have hardly been studied, but anecdotal evidence suggests higher frequencies of ADHD-symptoms and social-emotional impairments. In this study, the behavioral and cognitive profile of KBG syndrome will be investigated in order to examine if and how cognitive deficits contribute to behavioral difficulties. A total of 18 patients with KBG syndrome and a control group consisting of 17 patients with other genetic disorders with comparable intelligence levels, completed neuropsychological assessment. Age-appropriate tasks were selected, covering overall intelligence, attention, memory, executive functioning, social cognition and visuoconstruction. Results were compared using Cohen's d effect sizes. As to behavior, fewer difficulties in social functioning and slightly more attentional problems, hyperactivity, oppositional defiant behavior and conduct problems were found in the KBG syndrome group. Regarding cognitive functioning, inspection of the observed differences shows that patients with KBG syndrome showed lower scores on sustained attention, cognitive flexibility, and visuoconstruction. In contrast, the KBG syndrome group demonstrated higher scores on visual memory, social cognition and emotion recognition. The cognitive profile of KBG syndrome in this sample indicates problems in attention and executive functioning that may underlie the behavior profile which primarily comprises impulsive behavior. Contrary to expectations based on previous (case) reports, no deficits were found in social cognitive functioning. These findings are important for counseling purposes, for tailored education planning, and for the development of personalized intervention.
confirmed cases has been achieved after the introduction of genomewide sequencing technologies. So far, 218 patients have been reported and described worldwide. [2] [3] [4] [5] [6] [7] [8] Intriguingly, ANKRD11 was identified as the most frequently mutated gene (incidence of 39) in a cohort of 4293 patients with neurodevelopmental disorders that were diagnosed based on whole-exome-sequencing, establishing KBG syndrome as one of the most prevalent dominant neurodevelopmental syndromes. 9 With regard to the somatic phenotypic presentation, KBGS is mainly characterized by mild craniofacial dysmorphisms, macrodontia of upper central permanent incisors, short stature and skeletal anomalies. Other recognized features include cardiac abnormalities, partial hearing loss and a persistent/large fontanel. [4] [5] [6] [7] As to neurological findings, abnormal electroencephalogram (EEG) patterns both with and without epileptic seizures are often described. 5, 6, 10, 11 Types of seizures include tonic-clonic, complex partial, and absence variants and the EEG consists mostly of non-specific slowing. Reports of neuroimaging show various usually mild anomalies as small cerebelli, hypoplasia of the cerebellar vermis, enlargement of the ventricles, partial agenesis of the corpus callosum, and white matter anomalies around the ventricles and near the gray-white junction in both hemispheres. [5] [6] [7] [8] [10] [11] [12] Behavioral functioning in KBGS has primarily been described in terms of diagnostic classifications. Series of case-studies have reported anecdotal evidence for attention deficit hyperactivity disorder (ADHD), autism spectrum disorder (ASD), anxiety, as well as aggression or compulsive behavior. [4] [5] [6] [7] [8] 10, 13 The majority of studies that included behavioral classifications did not clarify whether these classifications were solely based on observations, or based on an extensive diagnostic procedure. In order to substantiate the findings regarding the psychopathology in patients with KBGS, behavioral functioning needs to be objectified by means of multiple diagnostic instruments, such as behavior questionnaires, clinical interviews and systematic observations.
Cognitive functioning is closely related to behavioral functioning.
Because deficits in cognitive functioning contribute to symptoms of behavior disorders, clarification of the underlying cognitive deficits is essential for understanding these disorders (eg, 14, 15 ). Insight into the cognitive profile enables explanation of specific learning difficulties in patients with behavior disorders and may also provide directions for daily living, education planning and treatment of these patients. Moreover, identification of cognitive deficits may further unravel the specific contribution of ANKRD11 and its corresponding protein to nervous system functioning and in particular to cognition. However, virtually no studies are available that focus on cognitive functioning in KBGS. The few studies that do address cognitive functioning in KBGS are limited to case descriptions, mentioning evidence of intellectual disability (ID), delayed speech and delayed motor development. 5, 6, 8, 11 Two descriptive case studies, comprising a total of four patients with KBGS, presented additional problems in memory, executive and visuospatial functioning. 13, 16 We recently explored cognitive abilities focusing on the strengths and weaknesses in intelligence profiles in a larger cohort of patients with KBGS and compared these to patients with other genetic syn- To examine how potential cognitive deficits may contribute to the behavioral difficulties in KBGS, we will explore both the behavioral and cognitive profile in KBGS. Given the findings of the previously described case studies on behavioral functioning in KBGS, symptoms from the ADHD and ASD spectrum may be expected, as well as anxiety, aggressive and compulsive behavior. Furthermore, based on previous case descriptions regarding cognitive functioning, specific deficits in memory, executive functioning and visuoconstruction are expected. To objectify these expected problems in KBGS, an extended neuropsychological test battery that includes objective and subjective measures as well as systematic observations, will be administered in a representative group of patients with KBGS. Performances in this group will be compared to both normative means and to performance of an appropriate control group, consisting of patients with genetic syndromes other than KBGS, who also had ID and developmental delay (DD). For a description of the specific genetic aberrations and medical characteristics of the participants, see Supplementary Table S1 (KBG) and 17 and for six of these participants, the molecular and phenotypical characteristics have previously been reported. 4 The PGC group included a convenience sample of patients displaying various medical anomalies, dysmorphic features, and a delayed motor/communicative development or ID, possibly accompanied by behavioral difficulties, who were referred on suspicion of a genetic diagnosis to the specialized outpatient clinic of the department of clinical genetics. A more extensive description of the tests and their references is included in Table S3 . Both children and adults were included in this study in order to maximize the number of participants. 24, 25 ). Cohen's d is sensitive to outliers, therefore the presence of outliers (> 3 SD) has been inspected. If outliers were present, both Cohen's d with and without inclusion of the outliers were reported in the result section.
| MATERIALS AND METHODS

| Participants
| Materials and procedure
3 | RESULTS There is a slightly weaker performance in sustained attentional func- Abbreviation: SS, syndrome scales, DOS, DSM-oriented scales. a Group means and standard deviations were calculated based on the raw performance scores. b Group differences are expressed in mean differences (mean KBGS score minus mean PGC score) and effect sizes. 
| Behavioral functioning-questionnaires
| Cognitive functioning-observations
Working speed during assessment appeared, in general, faster in participants with KBGS compared to the PGC group, with signs of impulsivity in two boys and one girl. Attention was easily drawn in most participants, but they differed in the level of distractibility. In females with KBGS, two girls had moments in which they responded remarkably slowly; it was unclear whether this was due to deficiencies in processing speed, attention or maybe even epileptic activity. All boys with KBGS, except for one relatively high functioning participant, were frequently distracted by both external and internal stimuli, and the degree of distractibility increased during the test assessment.
| DISCUSSION
To the authors' knowledge, this is the first systematic investigation of the behavioral and cognitive phenotype of KBGS using reliable and problems in participants with KBGS are not always visible for their caregivers, which makes it hard for them to take these weaknesses into account in daily living.
In contrast to previously described memory deficits in case studies on KBGS, 13, 14 Notwithstanding these limitations, the findings of this study support earlier indications for behavioral problems in patients with KBGS that include impulsivity, restless behavior, a high level of distractibility and impairments in emotion regulation. In psychiatric classificatory terms, this behavior is often referred to as ADHD and psychopharmacological treatment strategies in patients with KBGS include as yet both antipsychotics and psychostimulants. The effects of these drugs on behavioral symptoms, however, have not been studied in this specific population, warranting further research on the underlying neurobiological cause of the restless behavior. As to the potential underlying cognitive deficits, there are indications for problems in sustained attention, inhibition and shifting. Contrary to expectations based on previous (case) reports in which ASD symptomatology was described in some patients with KBGS, no disproportional deficits were found in social behavioral, nor social cognitive functioning in this study. Observations confirm that performances of patients with KBGS benefit from externally provided structure. Furthermore, patients should be actively involved in a task, to prevent them from getting distracted, which seems crucial for learning and development in KBGS.
In conclusion, the above described findings highlight the importance of in-depth evaluations of the neuropsychological profile of individual patients with KBGS (with a correction for the level of intelligence) both for counseling purposes, for tailoring education planning, and for the development of personalized treatment.
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